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adulthood. We use a wide range
of tools, including physiological
recording, imaging, computation,
behaviour, and, more recently,
molecular biology. We rewire
brains to understand how inputs
shape cortical development; we
study molecules that intervene
between electrical activity and
the development of connections;
and we study the effect of
learning and internal state on
networks of the adult visual
cortex. More generally, we study
how vision shapes cortical
networks, and how networks in
turn shape vision.
Why so many different
approaches? I like to keep
moving, to work in new fields,
using new techniques to answer
questions that lie at the interface
of existing fields. Our work is not
easy to classify — it is in equal
parts the study of cortical
development, plasticity and
function — and I like that. These
subfields are of course
profoundly related, and I do not
believe one can understand any
one part independent of the
others. And each part requires its
own tools.
What is your greatest
ambition? That we will be able to
describe in a satisfying way the
function of a network of neurons
in the cerebral cortex, and
eventually recreate such
networks. Brain networks take
simple inputs and make complex
outputs, and all of the interesting
transforms are nonlinear ones.
Understanding nonlinearity is at
the heart of understanding
neurons and networks, and that is
why the problem is a hard one.
Also, any network worth its salt
integrates multiple levels of
inputs, including bottom-up, local
and top-down signals, and that
introduces complexity in ways
that we are just starting to
understand. And I would like to
build a great department at MIT,
and get (much) better at skiing
and paragliding.
Department of Brain and Cognitive
Sciences, Massachusetts Institute of
Technology, 45 Carleton St, E25-235,
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What is it? The contractile ring is
a ring-shaped structure located
just beneath the plasma
membrane at the future division
site in many, though not all,
eukaryotic cell types. Composed
of actin, myosin and many other
proteins, it assembles in
anaphase and contracts as cells
divide. The contractile ring is
responsible for cytokinesis in
many eukaryotic cell types, and is
thought to contribute to cell
division by ‘squeezing’ the cell
into two.
How was it discovered?
Theories of cytokinesis have been
hotly debated for over a hundred
years, ever since the first
microscopists started observing
dividing cells. Although a
‘muscle’-like band was proposed
earlier, it wasn’t until the late
1960s that Schroeder first
observed filaments (of actin) at
the cleavage furrow in sea urchin
eggs by electron microscopy, and
then showed that an anti-actin
drug inhibits cytokinesis.
Do all cells use this structure
to divide? No. Although the
contractile ring appears to be
crucial for cytokinesis in many cell
types, some cells do not have one
or do not appear to need one.
Although slime mold cells usually
have a ring, myosin-deleted cells
can still divide fairly normally on a
plate even without a
concentration of actin filaments at
the cleavage furrow. Some animal
cells, such as amphibian eggs,
never have a complete ring, but
form a spreading arc. Plants
divide without one. How might
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Figure 1. Contractile rings in a big and small cell. Sea urchin embryo (top) stained for
actin filaments with rhodamine phalloidin and fission yeast cell (bottom) expressing a
myosin light chain-GFP fusion protein. The fission yeast cell is approximately fourteen
times smaller than the sea urchin cell.
cells divide without a ring?
Depending on the cell type,
membrane insertion through
secretion also contributes to
cytokinesis in varying degrees.
How is the ring assembled? A
set of conserved contractile ring
proteins have been identified and
characterized using genetic,
biochemical and proteomic
approaches in model organisms
ranging from yeasts, plants,
worms, and flies to sea urchin
eggs and mammalian cells. These
proteins, many of which organize
actin in some manner, include:
actin, myosin, septins, formins,
Arp2/3 complex, tropomyosin,
coronin, anillin, profilin, IQGAP,
filiamin, MLCK, ROCK and so on.
Actin filaments in the ring may be
derived both from pre-formed
filaments recycled from other
actin structures and from new
filaments newly polymerized by
the ring’s own actin nucleation
centers. Myosin not only
contributes force, but may also
help bring the actin filaments
together into a discrete ring. The
small GTPase Rho is a key
regulator of the process.
How is the ring positioned? In
animal cells, microtubules of the
mitotic spindle somehow position
the ring at a point equidistant from
the two spindle poles. How this
occurs is still highly controversial.
In some cell types, overlapping
astral microtubules from the two
spindle poles that touch the cortex
at the future division site may be
the key spatial determinants, while
in other cell types a bundle of
microtubules known as the spindle
midzone (or central spindle), may
be responsible. Microtubules may
regulate cleavage by sending out
‘signals’ that induce contractile
ring formation, regulate
contractility and direct membrane
traffic. Other cell types use other
spatial cues. For instance, fission
yeast cells use the nucleus to
position the cell division site, while
budding yeast use cortical marks
left over from previous cell
divisions.
How does the contractile ring
divide the cell? A prevalent view
is that that actin and myosin in the
contractile ring exert squeezing
forces leading to cleavage (at least
in many cell types). Recent
evidence shows that components
of the ring are highly dynamic,
suggesting that actin
polymerization is also important for
cleavage and may even contribute
to force production. The ring also
clearly has other roles, including
organizing a membrane domain
and targeting membrane insertion
and trafficking.
It seems that we don’t know
much about this pretty
important universal process?
Yes, cytokinesis is one of the
frontiers of cell biology, filled with
wildly different theories and
controversies, studied in a large
number of different model
organisms in many different ways.
Although certainly a universal
process, it is becoming apparent
that different cell types use similar
but slightly different mechanisms.
The advent of genomics, genetics,
improved microscopy and
proteomics promises rapid
progress in sorting out the themes
and variations in this fundamental
process.
Where can I find out more?
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Cave sediments contain an
inorganic component, which is
derived from the roof and walls of
the cave, as well as influx of
sediment and soil from the
exterior. They also contain an
organic component, which is
derived from the remains of
organisms. The taphonomic
record of any cave is based on the
fossils or trace fossils of animals
that have lived or died in the cave
or have been transported there
after death [1]. Most cave
environments are wet or humid,
which promotes the decay of
almost all organic remains. By
contrast, in dry caves, such as
those typically found on the
Colorado Plateau of southwestern
USA, many organic compounds
and soft-tissue remains have been
preserved. Excavations of
Rampart Cave, Arizona revealed
the soft tissue and bone remains
of 23 vertebrate species, including
the extinct Shasta ground sloth
(Nothrotheriops shastensis) [2]. It
has recently been shown that
animal and plant DNA can be
amplified from up to 300,000 year
old permafrost sediments as well
as from 600 year old cave
sediment from temperate
environments [3]. However, as
DNA is presumed to survive
longer in cold environments [4], it
is unclear whether DNA
amplification will be possible from
older sediments from temperate
regions. We have previously
shown that coprolites from dry
caves are a good source of DNA
[5]. As fecal remnants are
probably the major component of
dry cave sediments, we decided
to look for animal DNA sequences
within cave sediments. We
extracted DNA from a 100mg
sample of cave deposit from
Rampart Cave, Arizona, which
was radiocarbon dated to 10,845
+ 85 yrs BP (Ua-12503). We
amplified a 151 bp fragment of the
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